INTRODUCTION

R
obinson and Orr were the first to describe cases of papillary thyroid cancer in monozygotic twins (1) .
After their presentation, many studies have provided enough evidence to show genetic predisposition to this entity and many authors have called it familial non-medullary thyroid cancer (FNMTC) (2-5).
To consider this diagnosis, two or more members of the same family must be affected by papillary thyroid cancer (PTC). However, because of the current high prevalence of thyroid cancer, there is some controversy regarding the true incidence of FNMTC, especially in families with only two affected members (5, 6) .
FNMTC is often categorized into two groups: the first group comprises all the syndromic cases, such as: familial adenomatous polyposis, Gardner's syndrome, Cowden disease, Werner's syndrome, and Carney's complex, among others (6) . The second group accounts for the FNMTC cases not included into any hereditary syndrome. Prevalence is estimated at about 5% of all PTC (7) (8) (9) .
An autosomal dominant mode of inheritance with variable penetrance is likely to appear in most large FNMTC pedigrees (2) . Polygenic inheritance is also plausible, especially in those cases of only two affected family members or related to carcinogenic events like radiation exposure (10) .
The clinical characteristics of FNMTC are controversial. Some, but not all authors have shown an earlier age of onset, higher incidence of multifocality and lymph node metastasis, and a more aggressive outcome with more frequent relapses (4, 5, (11) (12) (13) . It has also been recently shown that FNMTC displays the features of clinical 'anticipation' with the second generation acquiring the disease at an earlier age and with more advanced disease at presentation (13) .
The aim of this study was to compare the clinical behavior and the outcome of 16 subjects with FNMTC from seven unrelated kindred with those observed in 160 subjects with non familial PTC from our databases.
SUBJECTS AND METHODS
We retrospectively reviewed, after informed consent was obtained in accordance with the local Ethical Committee guidelines, the clinical records of all sporadic papillary thyroid cancer (SPTC) patients (n = 160) followed in the Division of Endocrinology, Hospital de Clínicas -University of Buenos Aires (Argentina) from 1994 to 2008. Papillary thyroid carcinoma accounted for 91% of our entire differentiated thyroid carcinoma database. We evaluated the clinical-pathological features of FNMTC and SPTC patients, including gender, age at diagnosis, tumor size, histology (variants), presence of multicentricity and bilaterality, rate of lymph node metastases, and outcome in the follow-up.
FNMTC was defined according to the presence of 2 or more cases of DTC in one family, after excluding the syndromic cases, as previously reported (13) .
FNMTC was found in 16 subjects from 7 kindred (16/176, 9% of the entire group with papillary thyroid cancer diagnosis). None of the included subjects had been exposed to radiation. In 8/16 subjects (50%) with FNMTC diagnosis was made after a screening process performed due to the previous diagnosis of thyroid cancer in their relatives. The pedigree of the included FNMTC subjects is observed in figure 1 .
Familial non-medullary thyroid cancer All included subjects had received total thyroidectomy and radioiodine ablation (100-150 mCi 131-I). Lymph node dissection had been performed in 10/16 (62%) patients of the FNMTC group and in 71/160 (44.3%) patients of the SPTC group (p = 0,01). Lymph nodes were dissected when metastatic intrasurgical anatomopathological analysis proved the presence of metastasis (frozen section). This was true for 3/10 (30%) patients of the FNMTC Group and for 32/71 (45%) patients of the SPTC Group. In the remaining patients from the FNMTC Group (n = 7, 70%) and SPTC (n = 39, 54.9%) Group, lymph node dissections in the central neck compartment (level VI) was mostly indicated after original tumor size (T3) and/or suspicious lymph nodes were noted during surgical procedure. A greater frequency of prophylactic lymph node dissections in the VI compartment, performed in the FNMTC Group, was probably indicated due to the knowledge of the familial background of thyroid neoplasia.
Mean time of follow-up was of 87 ± 41 months (range: 48 to 144 months) in the FNMTC Group and 82 ± 39 months (range 27 to 167 months) in the SPTC Group (p = ns).
We defined the outcome according to the most recent guidelines of the Thyroid Societies (14, 15) . The "free of disease status" was considered when an undetectable stimulated thyroglobulin (Tg) level (≤ 1 ng/mL) was associated to negative anti-thyroglobulin antibodies (Tg-Ab). In high risk patients, the negative post--dose body scan (in general, doses higher than 100 mCi 131-I) was also considered to report that the patient was cured. In the follow-up, recurrences were classified as: lymph node metastasis (confirmed by a FNAB with positive cytology), distant metastasis (confirmed by CT/positive WBS/PET-CT, etc.), local recurrence (recurrent tumor in thyroid bed), and unknown site (stimulated Tg levels above 2 ng/mL).
Tg stimulation was performed after the usual dose administration of recombinant human TSH (rhTSH, Genzyme Corp, MA) in 2/16 patients of the FNMTC Group and in 19/160 patients of the SPTC Group. The remaining patients were evaluated for at least three weeks after thyroid hormone withdrawal.
Statistical analysis
All data are presented as mean ± S.D. and medians when appropriate. To compare the statistical differences between the variables of two independent groups where the condition of normality is not satisfied, the Mann-Whitney U test was used. To assess the association among qualitative variables, the Fisher's or X 2 tests were used. The observed differences were assumed statistically significant if the probability of chance occurrence was less than 5% (P < 0.05).
RESULTS
Baseline characteristics at diagnosis
The clinical features of FNMTC (n = 16) compared to sporadic cases are shown in table 1. In patients with FNMTC, mean age at diagnosis was 41.7 ± 13 vs. 44 ± 16 years in the sporadic group (p = ns). The female/ male ratio was 7/1 vs. 6/1, respectively (p = ns). We did not find any statistically significant difference when the tumor size, histological variant of PTC, stage (American Joint Committee on Cancer -AJCC, 6 th Edition) and distant metastasis at onset were analyzed (Table 1) .
Familial non-medullary thyroid cancer However, malignancy was bilateral at diagnosis in 6/16 (38%) vs. 38/160 (24%), respectively (p = 0.03) and multicentricity was observed in 7/16 (43%) vs. 45/160 (28%), respectively (p = 0.03). Lymph node metastases were diagnosed in 9/16 (56.2%) of FNMTC and in 62/160 (39%) of sporadic PTC (p = 0.01).
Follow-up outcome
Mean time of follow-up was 87 ± 41 months (range 48 to 144 months) in the FNMTC Group and 82 ± 39 months (range 27 to 167 months) in the SPTC Group (p = ns). The mean radioiodine dose administered in each group was as follows: 159 ± 82 mCi 131-I in the FNMTC Group vs. 171 ± 89 mCi 131-I in the SPTC Group (p = ns). The free of disease status was achieved in 9 patients (56%) of the FNMTC group and in 86 (54%) of the SPTC Group (p = ns). Persistent or recurrent disease was observed in a similar percentage of cases in each group (38% vs. 39 %, respectively) and disease--related deaths occurred in 1 case (6%) of the FNMTC Group and in 11 patients (7%) of the second group (Figure 2) .
We have recently performed a clinical analysis in 79 relatives of the 16 patients with FNMTC we are presenting now (20) . We evaluated the frequency of thyroid disorders in the first degree relatives of these subjects and we also performed molecular analysis of the FNMTC tumors searching for alterations in ret/ PTC1 to ret/PTC3; for trkA, trkT1, trkT2 and trkT3 rearrangements and for Ha-, Ki-or N-ras, assessed in DNA of these carcinomas. Clinical screening of the 79 family members showed a higher presence of goiter when compared with a normal population control group (29% vs. 8.7%, p < 0.001) and higher frequency of hypothyroidism (5% vs. 2.5%, p < 0.01). In the molecular analysis, only a proto-oncogene trk rearrangement was observed in 2 subjects of one of the families (20) .
Some of the published studies have reported that compared with SPTCs, FNMTCs are usually more aggressive (12, 21) . However, in discrepancy with these investigations, other authors have shown no differences in the clinical outcome between these two groups of patients (19, 22, 23) . Recently, Robenshtok and cols. (23) published a retrospective analysis of 67 patients with FNMTC who were compared with 375 control subjects with sporadic non-medullary thyroid cancer (not only PTC). They did not find a higher frequency of multicentric disease and lymph node metastases at diagnosis, as we did. However, similarly to our findings, the authors showed FNMTC to have a similar long--term outcome when compared with sporadic disease.
The results observed in our series also seem to be similar to those observed by Capezzone and cols. (13) , at least in the clinical characteristics at diagnosis, where there was a marginal trend to greater aggressiveness of FNMTCs which were more frequently multifocal, bilateral, and with increased number of lymph node metastases at presentation. However, this situation seemed not to impact adversely on the outcome of our patients.
One caveat is that the patients with FNMTC in our study did have a more aggressive surgical treatment. This approach may have given a greater incidence of lymph node metastatic disease in the FNMTC group (56.2% vs. 39%). As we can see, the outcome seems to be very similar in both groups of patients; however, we cannot exclude the impact of the initial treatment as a major factor leading to this result.
In conclusion, the bilateral tumor occurrence and the higher frequency of lymph node metastasis at diagnosis were the only differences observed between FNMTC and SPTC. This scenario, although perhaps In spite of the limited number of patients with persistent/recurrent disease in the FNMTC Group (n = 6), we compared the metastatic sites between groups. We observed that there were no gross differences between groups when the persistent site was considered (Figure 3 ).
DISCUSSION
The clinical characteristics of FNMTC are being clarified, not only by family studies, but also by large epidemiologic revisions. The review of different kindred and genetic studies suggests that inheritance is autosomal dominant and that penetrance is incomplete and increases with age (16) (17) (18) (19) . As with SPTC, women are affected approximately 2 to 3 times more frequently than men (16) , and the age of onset of FNMTC may be younger than that for sporadic tumors (13, 19) .
biased by a more aggressive initial surgical treatment, seemed not to alter the compared outcome between these two groups of patients with PTC in the long term follow-up. Although routine total thyroidectomy and probably lymph node dissection in the central neck compartment is recommended for FNMTC, the therapeutic strategy chosen can otherwise be the same as that for SPTC.
